TA K I S KO N TO S C oulomb's law describes the force that exists between two charged particles, such as the mutual repulsion of negatively charged electrons, and has been confirmed by a multitude of experiments. However, electrons in matter can also attract each other. On page 395, Hamo et al. 1 demonstrate an attraction mechanism that is purely electronic. They prove that the repulsion of electrons in solids can be turned into an attraction with the help of other electrons, validating a long-standing theory proposed by the physicist William Little 2 . The idea that electrons can attract each other is central to the theory of how conventional superconductors such as aluminium work. In the Bardeen-Cooper-Schrieffer (BCS) theory of superconductivity 3 , electrons attract one another through lattice vibrations called phonons. This mechanism imposes constraints -for example, the characteristic energy of phonons, the Debye frequency, governs the temperature below which a material can superconduct (the critical temperature).
Soon after the advent of the BCS theory, Little proposed a different 'excitonic' attraction scheme, whereby electrons attract each other because of repulsion from other electrons, in close analogy with the attraction through phonons 2 (Fig. 1a) . To illustrate the excitonic mechanism, he considered two electrons (the system) interacting with a polarizable molecule (the polarizer; let's consider a diatomic molecule for simplicity). The polarizer has one electron that is free to move between the molecule's two atoms. An electron in the system can repel the polarizer electron, leaving behind a positively charged region. The other electron in the system is then attracted to this region and, consequently, the two system electrons are attracted to one another. The characteristic energy of the excitonic mechanism is simply the energy difference between two electronic states of the polarizer (the bonding and anti-bonding states) 4 , which can, in principle, be much larger than the Debye frequency of most metals. The excitonic mechanism was therefore expected to provide a higher critical temperature than the few kelvin that was, at the time, thought to be required by its phononic counterpart. Such high-temperature superconductivity is desirable for practical applications, and the possibility of achieving it triggered intense theoretical and experimental activity. It was thought that the excitonic mechanism could be responsible for the superconductivity of organic superconductors; however, after years of intense debate, it is now generally accepted that it is not 5 . Efforts to find a superconductor whose activity is based on the excitonic mechanism face two key problems: a material must be discovered in which Little's proposal can be applied, and the excitonic mechanism in that material must lead to superconductivity 4 . Hamo et al. decided to separate the two problems. They aimed to demonstrate the basic attractive mechanism in a material without scaled up in other locations.
Five of the fifteen bright spots identified by Cinner and colleagues are in unpopulated areas. This leaves only ten other sites with which to explore how different socioeconomic conditions might affect decisions to fish sustainably when access to markets is not limiting. The authors' preliminary analyses suggest that bright spots tend to be associated with communities that are actively engaged in reef-management decisions, and which are highly dependent on the resources, or in communities that have customs in place to control usage. On the basis of these results, strategies that promote community engagement and local enforcement may be crucial for sustainable management.
The new results are compelling, but 10 sites out of 2,500 reefs is an extremely limited number for a robust, quantitative analysis of bright spots (although the low number is interesting in its own right, suggesting that there are very few outliers among the world's reefs). More in-depth socio-economic studies are needed to fully understand why these conditions support high reef-fish biomass in some locations but not in others.
One limitation of this study is the tight focus on the market-based causes of coral-reef degradation at a time when coral reefs are increasingly threatened by accelerating environmental changes 6 . The precarious health of coral reefs was heart-breakingly illustrated in early 2016, when warm ocean temperatures caused severe bleaching (the expulsion of photosynthetic algae from corals, which can result in the death of the coral) of reefs globally 7 , including at the iconic Great Barrier Reef Lessons can also be learned from the 'dark spots' (reefs that support fewer fish than would be predicted on the basis of human and environmental pressures) that were identified by Cinner and colleagues. Not surprisingly, several of these reefs were recently exposed to environmental disturbances, such as cyclones, highlighting the importance of considering how climate change will continue to affect reefs in the future.
Although analysis of bright spots may help to identify market-based management approaches for sustaining coral-reef fishes, a portfolio of conservation approaches is probably still needed to address the numerous threats to coral-reef ecosystems, including climate change. Without sustainable fisheries, we will not be able to maintain healthy coral reefs. And without healthy coral reefs, we will not be able to sustain the fisheries needed to feed the world's growing population. requiring superconductivity. Furthermore, instead of trying to find the desired material in nature, the authors fabricated it using nanometre-scale engineering techniques. Unlike Little's original proposal, the authors' polarizer is an artificial molecule: a pair of potential-energy wells within a carbon nanotube, which is placed on a microchip. The electron system is constructed inside a separate carbon nanotube, on its own microchip. The two nanotubes are then placed perpendicularly to each other (Fig. 1b) , one above the other, inside a scanning probe microscope. After the apparatus is cooled to a low temperature (about 10 millikelvin), the nanotubes are moved closer together until they are about 100 nanometres apart. The authors can then observe the effect of the polarizer on the behaviour of the system electrons and, in particular, confirm whether or not the electrons attract one another.
Hamo and collaborators' experiment has several key assets. Their nanotube material is almost entirely free from impurities, which allows the electrical force acting on the electrons inside each nanotube to be carefully controlled. The particular set-up used by the authors also allows them to accurately assemble or disassemble the basic elements of Little's proposal -the system and the polarizer -and study their formation and interactions.
In contrast to work with real molecules, the researchers' electrical-current measurements and charge-sensing of artificial molecules allow direct characterization of all of the relevant energy scales in the experiment. For example, the interaction between the system BIOGEOCHEMISTRY Nocturnal escape route for marsh gas A field study of methane emissions from wetlands reveals that more of the gas escapes through diffusive processes than was thought, mostly at night. Because methane is a greenhouse gas, the findings have implications for global warming.
K AT E Y WA LT E R A N T H O N Y & S A L LY M AC I N T Y R E
G lobal wetlands are the largest natural source of atmospheric methane, a potent greenhouse gas. Methane is produced by microbes decomposing organic matter in oxygen-free sediment, and escapes from wetlands by three main pathways: through plants; by bubbling out of water (ebullition); and by diffusion of methane molecules across the microscopically thin airwater interface (Fig. 1) . Most of the methane emissions from lakes and wetlands have been credited to the first two pathways. But writing in Geophysical Research Letters, Poindexter et al. 1 report evidence indicating that diffusive emissions are larger than previously thought, and occur mostly at night.
Diffusive emission of sparingly soluble gases such as methane from wetlands is controlled by passage across the air-water interface. Field data show that the emission can be quantified using a model in which the near-surface water is renewed by upwelling motions, for instance, those caused by electrons can be determined by measuring the signal from electrometers built inside the carbon nanotubes, or simply from the current flowing through the devices as a function of the applied voltages. Using these techniques, the authors concluded that the electrons were attractive, confirming Little's excitonic mechanism.
In light of Hamo and colleagues' findings, one may now dream of engineering new types of superconductor. However, making a whole crystal -or even a short chain -of the authors' material would be a formidable task. Furthermore, because the excitonic mechanism seems to be optimal in fewer than three spatial dimensions, superconductivity will inevitably compete with other phenomena that affect electrical behaviour (such as insulating charge-density waves) 4 . In addition, the bonding-antibonding splitting produced in the authors' set-up requires low temperatures (in the sub-kelvin range).
Nevertheless, the purely electronic attraction demonstrated is so generic that it could be transposed to any type of material in which some, or possibly all, of these constraints could be lifted. Although Hamo and collaborators' set-up will not form the basis of a practical excitonic superconductor, it will be useful as a 'quantum simulator' of such superconductors for basic research. It is therefore likely to become a key feature of the quantum toolbox of nanoscience. ■ There are two key components to his proposal: a pair of electrons (blue) within an electron chain (the 'system'), and a polarizable molecule (the 'polarizer'), composed here of two atoms (red). b, Hamo et al.
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1 use nanoengineering to realize Little's set-up. In their experiment, the system consists of two electrons within a carbon nanotube and the polarizer is a pair of potential-energy wells (orange) within a separate carbon nanotube. The two nanotubes are placed perpendicularly to each other such that one of the polarizer's potential wells is directly above the system. As the separation between the two nanotubes is reduced, the presence of the polarizer causes the system electrons to attract each other. a b
